Background
Coronary artery disease (CAD) is the main cause of death in developed countries [1] . Despite recent progress in cardiology, global cardiovascular mortality is still very high, exceeding 7 million in 2002 [2] . Multivessel coronary artery disease (MCAD), defined as subcritical or critical stenosis (cross-section area decreased by ≥75%) of at least 2 of the 3 main coronary arteries supplying the myocardium, is a common manifestation of advanced coronary atherosclerosis [2] . It has been estimated to represent as much as 50% of all the cases of CAD. Such severity of coronary atherosclerosis leads to common atherothrombotic complications resulting in exceptionally high mortality rate, ranging from 10% to 60% in 5-year follow-up, depending on the extent of atherosclerotic lesions, as well as concomitant risk factor profile [3] . However, this wide range suggests an inhomogeneity of this clinical group.
The commonly unfavorable clinical course and poor prognosis in this particular group of patients attracts the attention of current cardiological research, including the search for markers that improve prognostic stratification in MCAD patients. Adipocytokines and angiogenesis factors are the substances of particular interest.
Adipose tissue has recently been recognized as an endocrine organ. Adiponectin, an adipocytokine, is a recently discovered protein that modulates and suppresses inflammatory response in atherosclerotic lesions [4] . Hypoadiponectinemia has been observed in patients with metabolic syndrome, diabetes mellitus and coronary artery disease [5, 6] . Published data support a strong association between plasma adiponectin levels and risk stratification in CAD patients [7] . Despite potential protective function, there are no clear data on whether high or low serum concentrations of adiponectin are associated with poor prognosis. Recently published studies unexpectedly have shown that high plasma adiponectin concentrations were independent risk factors in short-and long-term observations in CAD patients [8, 9] .
Resistin belongs to a novel family of cysteine-rich proteins called resistin-like molecule or FIZZ (found in inflammatory zone) proteins [10] . Resistin appears to be involved in inflammatory pathways, vascular endothelial cell activation and stimulation of smooth muscle cell proliferation, suggesting its potential role in atherosclerosis [11, 12] . Recently, resistin and its mRNA have been detected in atherosclerotic lesions [13] . This is consistent with the finding of elevated circulating resistin in patients with coronary artery disease. Thus, resistin can be considered as an inflammatory marker of atherosclerosis and atherosclerotic complication in humans [14, 15] .
Angiogenin is a soluble protein, one of the angiogenic factors involved in the creation of capillaries, leading to the formation of new vessels from pre-existing vascular structures [16] . Several studies have suggested that angiogenin and other angiogenic factors can promote atherosclerosis, and potentially destabilize coronary plaques by promoting intralesional angiogenesis [17, 18] . Moreover, angiogenin has been shown to be an independent predictor of poor prognosis in coronary heart disease [19] .
The aim of this study was to evaluate the prognostic value of adiponectin, resistin and angiogenin in patients with stable multivessel coronary artery disease.
Material and Methods

Study group
The study involved a consecutive group of 107 patients with coronary artery disease undergoing angiography at the 2 Following discharge from the department, all patients remained under the care of the outpatient clinic and were followed prospectively for the development of clinical events during 12 months after index coronary angiography. Four patients withdrew their consent to participate in a follow-up visit at 12 months (all the clinically important data were collected via telephone calls; there were no significant events during the investigated time period), and as a result of this, 103 patients were included in final analysis. All the patients were treated pharmacologically according to the current guidelines of the European Society of Cardiology. The choice of treatment strategy (coronary artery bypass graft -CABG or medical strategy) was made during joint consultations of cardiologists and cardiac surgeons. The main factors determining treatment strategy were clinical severity of the disease, angiographic presentation, as well as the patient's preferences. All the patients qualified for CABG were treated in I Department of Cardiosurgery, Medical University in Lodz, receiving left internal mammary artery grafting of the left descending branch (LIMA to LAD) and at least 2 saphenous vein grafts to other coronary vessels. All patients included in the study signed an informed consent form to participate; the study was also approved by the regional Bioethics Committee at the Medical University in Lodz.
Baseline biochemical tests
All the patients had additional laboratory tests including: complete blood count, complete lipid profile, fasting blood glucose (and, in non-diabetic patients, an oral glucose tolerance test with blood glucose measurement after 2 hours), CKMB, urea, creatinine, glomerular filtration rate (GFRmeasured with the Cockroft-Goult formula), hepatic transferases, C-reactive protein and NT-proBNP levels. Beside the standard biochemical parameters, we examined novel markers such as adiponectin, resistin, angiogenin, tumor necrosis factor alpha (TNF-alpha) and interleukin 8 (IL-8),
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proposed as related to the severity of pathophysiological processes promoting atherothrombosis.
Methodology of cytokine measurement
Cytokines were assessed in blood samples drawn at baseline and after 12 month follow-up visit. Aliquoted plasma samples stored at -70°C were thawed, the concentrations of angiogenin, adiponectin, resistin, TNF-alpha and IL-8 were measured using commercially available ELISA kits (R&D Systems, MN, USA).
ECG, echocardiography, exercise stress test and coronary angiography
Transthoracic echocardiography, resting ECG, and electrocardiographic exercise test were performed at baseline in all patients. Based on coronary angiographic results, severity of atherosclerotic changes was semiquantitated with Gensini score. Lesions formed (involving lesion severity and location) in left main and proximal segments of left descending artery, circumflex and right coronary artery were grouped to calculate proximal Gensini score and distal lesions located in the remaining coronary segments yielded distal Gensini score.
12-month follow-up measurements
After 12 months, we stored blood samples to assess serum levels of angiogenin, adiponectin and resistin in all patients. During a follow-up visit, we performed an electrocardiographic exercise test (10 patients due to ischemic changes or/and clinical symptoms not capable to do the test) and transthoracic echocardiography.
Clinical endpoints
Patients were followed for at least 12 months for the occurrence of death (all-cause and cardiac), stroke and myocardial infarction (MI). We defined a cumulative major adverse cardiac and cerebrovascular event (MACCE) as composition of death, stroke, MI and hospitalization due to the progression of ischemic and/or heart failure (HF) symptoms. MI during follow-up was defined according to recent universal definition [20] . Death was classified as cardiac if the predominant and immediate cause was related to ischemia, arrhythmia, refractory HF, or if death was sudden and unexpected in nature. Information regarding death was obtained by review of the death certificate and conversation with the family.
Statistical analysis
The Shapiro-Wilk's test was used to determine the normality of the analyzed variables distribution. Continuous variables showing normal distribution were presented as means ± standard deviations, whereas those with distribution different from normal and ordinal variables were expressed as medians with interquantile range (25 th -75 th percentile). Variance analysis and the Wilcoxon non-parametric test were applied to compare the differences in the presence of particular features in patient groups. The results were considered statistically significant if the p value was <0.05.
In univariate analysis, due to lack of normality of distribution of the majority of the analyzed variables, the Mann-Whitney U test was used to compare continuous variables in the study group, and the chi-square test for independence was applied to compare constant variables. For selected parameters, receiver operating characteristic curves (ROC) were plotted.
In multivariate analysis we tried to build a logistic regression model in the study group using the variables that significantly influenced MACCE in univariate analysis. However, due to lack of significance of these models, we then used stepwise logistic regression analysis. Chi-square statistic with the number of degrees of freedom equal was used to measure variables to assess the fit of the model. Kaplan-Meier analysis was used to compare the survival in groups defined by treatment strategy or values of cytokine concentrations.
results
Baseline characteristics
A total of 107 patients were enrolled in the study and followed-up for 12 months. One year follow-up data were available for 100% of the patients (in 4 patients we did not perform a 12-month follow-up control test, but we received information about their medical history during the studied time period). Out of 107 patients, 80 (74%) were male, the mean age in the group was 62.5. All the patients complained of chest pain -the mean CCS class in the study group was 2.5 (2-3), mean the angina history duration was 71 ± 64 months. The mean Gensini score in the study group was 91 (66-132), with the proximal Gensini score being 45 (20-90) and the distal one 39 (20-70). The baseline demographic, clinical, laboratory and angiographic characteristics of the study population stratified by the treatment strategy are shown in Tables 1, 2 . Fifty-five patients (51%) were treated surgically (CABG), while 52 (49%) were treated medically. Patients qualified for medical therapy had a significantly longer history of angina duration, more severe heart failure symptoms, higher serum LDL cholesterol and lower values of the proximal Gensini score.
Clinical endpoints
Among the 107 patients followed-up over 12 months there were 9 deaths (8%, all from cardiovascular reasons), including 6 (11.5%) in medically treated patients (2 deaths due to MI, 2 due to stroke and 2 sudden cardiac deaths at home) and 3 (5.5%) in the CABG group (2 periprocedural deaths, 1 due to stroke). Patients treated pharmacologically were more commonly hospitalized due to the progression of angina symptoms (20 vs. 5; p=0.003). Six patients (11.5%) developed MI in the medical group and 1 (1.3%) in the CABG group (p=NS). In 7 patients (13.5%) from the pharmacologically treated group, a palliative percutaneous procedure (PTCA) was performed on 1 diseased vessel with drug eluting stent implantation (without complete revascularization). All events during a 12-month follow-up are summarized in Table 3 .
Survival analysis
Predictors of MACE in the study group of patients, revealed by univariate logistic regression analysis were: total In multivariate analysis, medical treatment strategy (p=0.001), a higher CCS class (p=0.004), resistin level (p=0.003) and a higher Gensini score (p=0.03) were independent predictors of MACCE.
discussion
The investigation of novel circulating serum biomarkers in patients with coronary heart disease has been accelerating at a remarkable pace. This expanding body of research has established firm evidence for the value of several biomarkers, such as those for diagnosis, treatment efficiency and risk assessment, among patients with CAD.
Our study showed that among patients with multivessel coronary heart disease, application in clinical practice of some novel inflammatory and angiogenesis factors would allow for risk stratification, thus limiting the incidence of numerous cardiovascular adverse events in this group of patients. In light of the above, novel biochemical markers, such as resistin (the marker of atherogenesis activity), have shown promising results. However, we did not find that knowledge of the serum levels of adiponectin, angiogenin (the marker of angiogenesis activity), as well as novel inflammatory markers (IL-8 and TNF alpha) helps in the assessment of prognosis. a relationship between resistin levels and the degree of coronary artery calcification ("calcium score") computed on the basis of the interpretation of imaging from computed tomography performed in asymptomatic patients [20] . In addition, based on angiographic evaluation, Ohmeri et al. came to the conclusion that there is a correlation between resistin levels and the number of stenoses in coronary arteries [11] . Hu et al. also documented significantly different concentrations of resistin in stable and unstable CAD, thus confirming the role of resistin in risk stratification of atherosclerotic plaque destabilization in CAD patients [21] . Lubos et al. showed in a group of over 1500 patients that serum resistin levels are significantly higher in patients with ACS than in stable patients (p<0.001). High resistin levels were associated with a 1.22-fold (95% CI 1.04-1.43; P=0.02) increased risk for future fatal cardiovascular events in a model adjusted for risk factors and clinical and therapeutic variables during a 3-year follow-up [22] . The same conclusion came from a study conducted by Weikert Table 2 . Selected laboratory test results in the multivessel CAD patients according to treatment strategy (CABG vs. medical).
GFR -glomerular filtration rate; WBC -white blond cell; PLT -platelets; CRP -C reactive protein. [14] . In our study, serum resistin levels higher than 17.265 ng/ml were associated with a 13-fold increase in MACE risk.
Study group N=107
Another recently detected substance useful in risk stratification in CAD is diponectin, the insulin-sensitizing, anti-inflammatory anti-atherosclerotic protein. The pleiotrophy of adipokine activity is the reason for performing a number of clinical studies investigating its usefulness in everyday medical practice. Our findings with respect to the lack of correlation between adiponectin levels and risk stratification in coronary heart disease are in contrast to many other studies that have reaffirmed a strong relation between the serum levels of adiponectin and prognosis assessment. However, reports published so far give contradictory information. According to Inoue et al., in a group of 149 patients with confirmed CAD, low adiponectin levels were an independent predictor of cardiovascular events (RR 2.79, 95% CI 1.49 to 5.24, p=0.0014) [23] . Pischon et al. drew similar conclusionsin a group of over 1800 patients, participants in the highest quintile of adiponectin levels, as compared with the lowest quintile, had a significantly decreased risk of MI (RR 0.39; 95% CI, 0.23-0.64; p<0.001) during a 6-year follow-up [24] . On the other hand, Cavusoglu et al., in group of 325 male patients with CAD, showed that high plasma adiponectin levels independently predict the individual endpoints of all-cause mortality, cardiac mortality, and MI. Twenty-fourmonth survival rates for patients in the lower (< or =4.431 mg/L), middle (>4.431 and < or =8.008 mg/L), and upper (>8.008 mg/L) tertiles of plasma adiponectin values were 95.0, 90.4, and 83.5%, respectively (p=0.02) [8] . The same conclusion came from a study conducted by Laughlin at al., who found that in a group of over 1500 patients, adiponectin levels in the highest sex-specific quintile, as compared with lower levels, were associated with almost 40% higher risks of cardiovascular disease death and death from all causes, independent of age, sex, waist girth, lipid levels, and glucose level (both p<0.001) [9] . These conflicting observations may relate, at least in part, to the markedly different risk profiles of the populations in the presented studies, as well as in our study. Our patient population consisted of a relatively high-risk cohort, as manifested not only by the clinical, angiographic, and laboratory data, but also by the high incidence of heart failure. Indeed, it is well-established that patients with CHF have higher baseline levels of adiponectin, which may be a consequence of resistance at the level of the adiponectin receptor, a mechanism potentially akin to that seen in diabetics with elevated insulin levels [8, 25, 26] . This is why a significant lowering of plasma adiponectin concentrations after 12 months (better expressed in the CABG group), observed in our study, might be the result of the improvement of systolic left ventricular function and heart failure symptoms.
The presence of coronary collateralization improves the prognosis for patients with advanced coronary artery disease. Collaterals improve ventricular function and overall perfusion in ischemic myocardium [27] . The development of coronary collaterals appears to be initiated by ischemia resulting in the opening of preexisting anastomotic channels through an increase in shear forces and pressure, or by formation of new capillary sprouts (angiogenesis). On the other hand, there is strong evidence that the development of human atherosclerotic plaques is associated with the formation of new microvessels within the plaque [28] [29] [30] . Therefore, the role of angiogenesis remains a highly contentious issue, and no consensus exists as to whether angiogenesis is the key causative factor in the pathogenesis of atherosclerotic plaque formation, or as to the best treatment of coronary artery disease. There are some reports showing correlation between angiogenin levels and risk stratification in coronary heart disease. Tello-Montoliu et al. demonstrated in a group of 516 patients that "acute coronary syndrome" patients had significantly elevated plasma angiogenin levels as compared with both disease controls (stable CAD) and healthy controls (p<0.001). However, the authors did not find any correlation between angiogenin and the severity of atherosclerosis expressed as Gensini score, and raised angiogenin levels were independently associated with more adverse events at a 6-month follow-up [19] . These observations are in contrast to our findings, with no Kaplan-Meier curves for MACCE at 12 month follow up according to baseline resistin levels (higher than 17.265 ng/ml -solid line; lower than 17.3 ng/ml -broken line) (log-rank p=0.04).
correlation between serum angiogenin levels and prognosis after 12 months, probably due to high heterogeneity of the investigated group of patients. This study is limited by the relatively small study group and a high variety of risk profiles in the study group. Finding a more homogenous group of patients, especially as regards heart failure symptoms, might help to better understand the complex chain of relationships between inflammation, atherosclerosis and angiogenesis.
conclusions
In conclusion, in stable patients with multivessel coronary artery disease, high plasma resistin is a strong independent predictive factor for the occurrence of MACE over 1-year follow-up. This initial demonstration of prognostic potential of the novel biomarkers warrants further studies on their practical usefulness and relationship with established clinical factors.
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